Summary. Ile-de- 
Introduction
Photoperiod is the principal factor determining the length and timing of the breeding season in ewes (for review see Karsch et al, 1984) . Acting through the pineal gland, photoperiod determines the activity of the LH pulse generating mechanism. Seasonal changes occur both in the ability of oestradiol to inhibit the frequency of LH pulses (Legan et al, 1977; Goodman et al, 1982; Martin et al, 1983) and direct effects on the frequency of LH pulses in the absence of gonadal steroids (Karsch et al, 1980; Goodman et al, 1982; Montgomery et al, 1985; Robinson et al, 1985) .
LH is coupled with pulsatile GnRH release from the hypothalamus (Levine et al, 1982; Clarke & Cummins, 1982) and exogenous GnRH pulses influence FSH concentrations in ewes (Clarke et al, 1984) . Therefore, direct effects of photoperiod on the pulse generator would be expected to influence both the frequency of LH pulses and the plasma concentrations of FSH. Indeed, in castrated Soay rams, FSH concentrations vary with alternating short and long days (Lincoln & The aims of the present experiments were to study short-term and long-term changes in FSH concentrations in ewes after ovariectomy during anoestrus or during the mid-luteal phase of a cycle during the breeding season.
Materials and Methods
Ile-de-France ewes were housed in groups in a light-proof building and subjected to normal seasonal changes in daylength regulated by electric clocks. Each morning the ewes were fed a diet of 300 g lucerne pellets, 400 g wheat and 30 g mineral supplement, with wheat straw ad libitum. The ewes were ovariectomized during anoestrus or early in the breeding season as described in detail by Montgomery et al (1985) . To measure the responses to ovariectomy, blood was sampled every 10 min for 6 h on all occasions, except the day before ovariectomy in the short-term study (see below) when samples were taken every 20 min for 12 h. All of these samples were assayed for LH and the results of this study have been reported previously (Montgomery et al, 1985) . For (Blanc & Poirier, 1979 
Results

Short-term study
The mean concentration of FSH in ewes during the mid-luteal phase of the oestrous cycle was 5-3 ng/ml and did not differ significantly from the concentration of 6-8 ng/ml in ewes during anoestrus (s.e.d. = 5-4). After ovariectomy in both groups, FSH concentrations increased rapidly and within 1 day they were more than double the concentrations recorded before ovariectomy (P < 0001, Fig. 1 Long-term study
The mean concentration of FSH was the same for ewes in the mid-luteal phase of the oestrous cycle (4-5 ng/ml) and during mid-anoestrus (4-5 ng/ml, s.e.d. = 3-9). FSH concentrations increased rapidly after ovariectomy to reach 25-6 ng/ml by Day 7 after ovariectomy (Fig. 2) (1985) , inverting the scale for interpulse interval so that changes in frequency match the change in the plotted data.
Subsequently the pattern of increase in FSH concentrations differed markedly for the two groups (Fig. 2) (Montgomery et al, 1985) . FSH concentrations eventually reached a maximum when major seasonal changes were no longer apparent.
There was a rapid increase in FSH concentrations after ovariectomy in both seasons. A significant increase was detected within 1 day of surgery and concentrations had increased 4-fold by Day 3, in agreement with results from other breeds of sheep (Lahlou-Kassi et al, 1984; Webb et al, 1985) . There was no effect of season of ovariectomy during the first 15 days as assessed from both the short-term and long-term studies. This might not have been expected since the influence of season on reproductive activity is mediated through hypothalamic control of GnRH (and LH) pulse frequency and GnRH is involved in the control of FSH secretion. Indeed we have previously shown that the influence of season on LH pulse frequency is evident within 1 week of ovariectomy (Montgomery et al, 1985) . This difference between the FSH and LH responses is explained by the fact that acute changes in FSH secretion are primarily controlled by ovarian feedback acting at the level of the anterior pituitary gland, while acute changes in LH secretion are controlled at the level of the hypothalamus (Martin et al, 1986 ).
In (Thimonier & Mauléon, 1969) . Therefore, while there were no effects of season on the FSH response to ovariectomy in the short term, season did influence FSH secretion over longer periods in the absence of ovarian feedback, increasing it before and during the transition to the breeding season.
Data from the long-term experiment on the frequency of LH pulses (Montgomery et al, 1985) have been redrawn and included for direct comparison with the FSH concentrations (Fig. 3) . The timing of increases in FSH concentration and LH pulse frequency are different for both seasons of ovariectomy. In ewes ovariectomized in anoestrus, FSH concentrations increased before a detectable increase in LH pulse frequency at the onset of the normal breeding season. In contrast, ovariectomy early in the breeding season did not lead to major changes in FSH concentrations despite a striking increase in LH pulse frequency. One explanation for the different timing of these changes in FSH concentration and LH pulse frequency is that FSH concentrations are highest at intermediate GnRH pulse frequencies. Studies with exogenous GnRH pulses in sheep and monkeys support this view. In sexually quiescent Soay rams, exogenous GnRH pulses at one pulse every 3-4 h increased the FSH concentrations (Lincoln & Short, 1980) . In other studies in sheep, a reduction in the frequency of exogenous GnRH pulses from one every hour to one every 2 or 4 h also increased FSH concentrations (Clarke et al, 1984) . Similarly, in female rhesus monkeys, exogenous GnRH pulses every 2 h resulted in higher FSH concentrations than did pulses every hour or every 3 h (Pohl et al, 1983) . Wildt et al. (1981) suggested that the increase in FSH concentration that resulted from a reduction in pulses to once every 3 h was due to an increase in the releasable pools of pituitary FSH and LH since there was also an increase in the amplitude of LH pulses. The longer interval between pulses offset the increase in LH pulse amplitude by allowing more time for the clearance of LH. The FSH releasable pool may have increased to a greater extent and since FSH has a longer half life, concentrations of FSH increased with the less frequent GnRH pulses.
For the intact animal, this relationship between GnRH pulse frequency and FSH secretion would have important consequences for the series of events leading to the onset of the breeding season. There would be a significant increase in FSH secretion, before LH secretion was maximal, which would play a major role in the initial stages of gonadal redevelopment. In the Soay ram the sequence of events takes this form (Lincoln, 1978) .
In the ewes ovariectomized in September the change from short days to long days at the end of the breeding season did not induce a decrease in the concentrations of FSH. This contrasts with observations by Lincoln & Short (1980) (Montgomery et al, 1985;  Fig. 3 ) and extend the finding to suggest that sensitivity to seasonal changes is reduced for both gonadotrophins.
Seasonal changes in LH pulse frequency in long-term ovariectomized ewes were observed in a study of ewes kept outdoors under natural light (Robinson et al, 1985) . After (Allison & Kelly, 1979) and inhibit the activity of the LH pulse generator (Foster et al, 1986) . Any seasonal changes in nutrition in ewes kept outdoors may have influenced the activity of the pulse generator and contribute to the seasonal differences observed by Robinson et al (1985) , but not in the present experiment. Karsch 
